Summary: Bilirubin may cause haemolysis of red cells, especially in the presence of light. The possible dependence of this effect on the metabolic state of the cells has been investigated. For this purpose erythrocytes were stored up to five days to deplete the concentration of ATP. Every day a constant amount of bilirubin was added to the cells. On third day of storage bilirubin induced haemolysis, which was aggravated rapidly during further storage. Bilirubininduced haemolysis could be reduced after increasing the ATP levels by incubation of the red cells with inosine.
Introduction
Unconjugated bilirubin exerts certain toxic effects on cell metabolism. These concern oxidative phosphorylation in liver mitochondria (1, 2) , and in red cells the concentration of ATP (3), ATPase activity (4), and glucose consumption (3) . The toxic effects of bilirubin on erythrocytes can be enhanced by light, which may induce haemolysis (4, 5, 6) . Some investigators have found that bilirubin also induces haemolysis in the dark (4, 5) .
In this study we examine whether the effects of bilirubin on the red cells are'related to the metabolic situation of the erythrocytes. For this purpose, red cells were stored up to five days and in this way artificially depleted of ATP. Every day the uptake of bilirubin by the red cells was measured until haemolysis was observed and haemolysis itself was determined. Furthermore the stored erythrocytes were incubated every day with inosine before adding them to bilirubin. Inosine is able to increase the ATP and 2, 3-diphosphoglycerate concentration in stored erythrocytes (7, 8) . If inosine is used in combination with pyruvate this effect is even more pronounced (9) . In this way the effects of storage are partially reversible.
Methods
Blood was obtained from healthy adult volunteers. 9 ml of blood were mixed with 1 ml of sodium citrate and the blood was stored without further additives in the dark at room temperature. Every 24 hours an aliquot of the blood was incubated with inosine as follows: 1 ml of blood was added to 4 ml of a solution, which contained equal parts of Ringer's solution and phosphate buffer 0.1 mol/1, pH 7.4. The incubation medium contained inosine and pyruvate in a final concentration of 10 mmol/1 and 5 mmol/1, respectively (9) . Incubation was performed at 37 °C for 2 hours and 60 oscillations per minute in the dark. At the end of the incubation time the blood was washed three times with triethanolamine HC1 0.1 mol/1, pH 8 .O. A blank sample was prepared exactly in the same way, but was washed with triethanolamine immediately after addition of inosine. In both samples ATP was determined using the phosphoglycerate kinase method (10) . Now 5 mg bilirubin p. a. from Merck AG, Germany, were dissolved in 0.5 ml of sodium hydroxide 0.2 mol/1 and triethanolamine HC1 0.1 mol/1, pH 8,0 was added up to 100 ml. 0.5 ml of the incubated and of the corresponding non-incubated blood sample were added to 0.5 ml of the bilirubin solution and gently mixed. In these samples the haematocrit and the haemoglobin concentration were determined. After 10 minutes in the dark the reagent tube was centrifuged for one minute and the haemoglobin concentration was determined in the supernatant. Bilirubin was determined in the supernatant under the condition that no haemolysis could be Z. Klia Chem. Klin. Biochem. / 13. Jahig. 1975 / Heft 10 Petrich, G bel and Delvos: Effect of bilirubin on stored red blood cells found. Bilirubin uptake by the cells was calculated from the initial bilirubin concentration in the sample and the final bilirubin concentration in the supernatant. The initial bilirubin concentration was obtained from the following equation: bilirubin initial = bilirubin in the stock solution (μΓηοΟ/200-Hkt sample (ml). Bilirubin uptake by the red cells is expressed as the decrease from the initial bilirubin concentration in per cent and per Hb extinction 0.100. Bilirubin-induced haemolysis is expressed as the haemolyzed amount of haemoglobin in per cent of the total haemoglobin content. Bilirubin concentrations were determined according toJendrassik & Grof(\\). For determination of haemolysis 0.2 ml samples were used in the cyanmethhaemoglobin method.
Results

ATP decrease during storage
In figure 1 the decrease in ATP content of the red cells for every day of storage is given. The stored blood was investigated for spontaneous haemolysis every day, which could not be found during the period of investigation. The overall increase of ATP during the 2 hours of incubation with inosine was from 348 ± 126 up to 522 ± 200μηιο1/1 of blood (t paired = 4.5, ρ < 0.001).
Bilirubin uptake of the red cells
The mean value of bilirubin uptake before incubation with inosine was found to be 67.5 + 8.2 per cent, after incubation with inosine 61.0 ±7.8 per cent. The decrease in bilirubin uptake could be found in every of 20 experiments (t paire d = -5.0, ρ < 0.001).
Bilirubin-induced haemolysis
Under our conditions of investigation bilirubin induced haemolysis of the erythrocytes on third day of storage, and this effect aggravated rapidly during further storage ( fig. 2) . Incubation of the stored blood with inosine resulted in a decrease of haemolysis in each of 18 experiments. In table 1 the statistical analysis of these results is given.
Bilirubin-induced haemolysis and ATP concentration In figure 3 the ATP concentration and the degree of haemolysis before incubation with inosine are shown. r .
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Discussion
The uptake of bilirubin by the red cells has already been the subject of several investigations (12-15). The amount of bilirubin, however, which is taken up, does not seem to be unvariable, because it was found to be reduced after incubation of the red cells with inosine.
As the main effect of inosine concerns the level of organic phosphates within the red cell, further investigations must show, whether a causal relationship exists.
First observations regarding the haemoly tic effect of bilirubin without additional influence of light were made by Odell (4) and Blackburn (5) . Our results show that on the third day of storage under our experimental conditions bilirubin induced the haemolysis of red cells without the additional influence of light. This effect is nearly reversible by an artificial increase of the ATP concentration. On the fourth and fifth day of storage haemolysis, after the addition of bilirubin, increases rapidly. In every case, haemolysis can be diminished by about 60 per cent by a preceding incubation with inosine. The significant correlation between ATP and bilirubin-induced haemolysis suggests an ATP-dependent system, which protects the red cell from the haemolytic effect of bilirubin.
It is of great interest whether unconjugated bilirubin ι may also cause haemolysis in man. The final concen-' trations used in our experiments were about 50 μπιοΐ/ΐ. In newborns with hyperbilirubinaemia, markedly higher levels can be found, although a high portion will be bound to albumin (16) . However, even at low bilirubin concentrations a steady state can be found between erythrocytes and albumin, resulting in a binding of bilirubin to the erythrocytes at low concentrations (12).
The decrease of haemolysis after incubation of ATPdepleted red blood cells with inosine raises the question of whether ATP-deficient cells generally are more sensitive to the toxic effects of bilirubin. In connection with this possibility it appears of interest that Schenker could demonstrate an increased bilirubin uptake in ATP-deficient nerve cells (17) .
In an earlier investigation we demonstrated lowered 2, 3-diphosphoglycerate levels, but normal ATP concentrations in the blood of newborns with transitory hyperbilirubinaemia (18, 19) . This can be explained by a restoration of the stored ATP in vivo from 2, 3-diphosphoglycerate.
